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Hudson River Estuary Pollutants of 
Concern

• PCBs- PCB Superfund Site
– 200 miles of Hudson River

• PCDDs/PCDFs- Diamond Alkali Site
– Passaic River, NJ

• PAHs
• Heavy Metals

– Foundry Cove
• Pesticides

HR GE Plant



What do we know about the effects 
of these pollutants on  Hudson River 

populations?
• Many years worth of data on PCB residues

in fish fillets and selected benthic
invertebrates

• Almost nothing on toxic effects on the
Hudson River fish community



Why use Atlantic tomcod as an  
environmental sentinel?

• Abundant in estuaries from the Hudson River to Labrador
• Bottom-dwelling
• Lipid-rich livers
• Complete life histories within estuaries
• Migratory within natal estuaries
• Only winter-time spawners in Estuary
• Embryo cell culture available
• Amenable to laboratory culture

– Complete life cycle
– Heritability studies
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- Who Eats Young-of-Year Tomcod in 
the Hudson?
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Cancer in tomcod in the early 1980s

• More than 90% of two-year-old and 40% of one-year-old
tomcod from the Hudson River exhibited hepatocellular
carcinomas (Dey et al. 1993)

• Hepatic tumors were in < 10% prevalence in rivers in
Maine and RI-CT and absent in tomcod from Canada

• Prevalence of tumors in HR population is reduced today



Age structure of tomcod in the 
early 1980s

• > 97% of Hudson River population were one-year-olds, <
3% two-year-olds, and three-year-old were almost absent

• three-and-four-year olds predominate in other populations-
fish up to seven-years of age are sometimes observed
– Dey et al. 1993



Do Hudson River Contaminants 
Bioaccumulate in its fish?

• Yes, sometimes to world record levels!





Hepatic  Burdens of PCDDs, PCDFs, PCBs in
Adult Tomcod from the HR Estuary and Elsewhere



But, early life stages of fish are known to 
be most sensitive to contaminants

Congener specific analysis of hepatic PCBs, 
PCDDs, and PCDFs in young-of-year tomcod 

from 20 sites on main-stem Hudson River, 
Newark Bay, and Hackensack River





Hepatic Burdens of PCDDs, PCDFs, and PCBs in YOY Tomcod













Biomarker Responses in HR Tomcod

Hepatic PCBs, Dioxins
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CYP1A1 Transcription
• is highly induced in fishes by PCDD/Fs, coplanar 

PCBs, and PAHs
• induction is activated by the Aryl Hydrocarbon 

Receptor (AHR) pathway
• most toxic responses to AH contaminants are 

mediated through AHR
• CYP1A1 expression is probably predictive of 

most toxic responses to AH contaminants





Adult tomcod collected from the 
Hudson River and Miramichi 

River were depurated for 20-300 
days in clean water and treated 

with TCDD, four coplanar PCBs, 
or three PAHs, and CYP1A1 

mRNA expression was measured



CYP1A1 mRNA Expression in Adult tomcod
i.p. Injected with PCB77
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CYP1A1 mRNA Expression in Adult tomcod
i.p. Injected with PCB169
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Reduced CYP1A1 inducibility in 
Hudson River tomcod

• For TCDD and three coplanar PCB 
congeners, but not PAHs

• In all tissues tested
• In tomcod adults, juveniles, larvae, embryos



Genetic or Physiological?

• Tomcod from the Hudson River and Miramichi 
River mated, F1 and F2 embryos and larvae 
exposed to B[a]P (0.1 and 10 ppm) or PCB 77 (1 
and 10 ppm) and levels of CYP1A1 mRNA
measured



CYP1A1 mRNA in F1 Early Larvae
Miramichi Hudson

Vehicle

B[a]P
0.1 ppm

PCB77
1 ppm



CYP1A1 mRNA in F2 Embryos
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Early Life-Stage Toxicity
• Very sensitive response in fish to PCDD/Fs and PCBs
• Relevance at the population level
• Toxicities

– cardiovascular dysfunction, craniofacial malformations, 
reduced survivorship

• Are early life-stages of tomcod sensitive to 
environmentally relevant levels of PCBs and TCDD?



Early Life Stage 
Protocol

1. Graded-dose experiment
• 2x2x5 factorial design with replication and controls
• Test all main effects of, and interactions between

• Source population (Hudson vs. Miramichi)
• Toxicant (PCB mix vs. TCDD)

• PCB mix contained PCBs 77, 81, 126, 169
• x = hepatic burden measured in HR TC
• x = 28,000 ng PCBs/kg BW)

• Dose (5 levels)
• 0 x, 0.1 x, 1 x, 10 x, 100 x

• F1 generation MR and HR tomcod-winter 2002
• F2 generation MR and HR tomcod- winter 2003
• Principle component analysis

2. Uptake and clearance (3H labeled PCB mix and 3H
TCDD)



14 Response Variables Assayed in 
Early Life-Stages of F1 and F 2 

Tomcod
Morphological Measurements Rate Measurements
Total length and curvature of larvae

Yolk quantity

Yolk-sac major & minor axes

Body length & depth

Mortality in embryonic period

Late embryo heart beat frequency 
Yolk-sac larvae survival

Yolk-sac larvae activity

Growth and condition of feeding 

larvae and juveniles
Jaw length 

Eye diameter 



PCBs and TCDD Induce Malformations 
in MR, but not HR larvae



Results:Results:
Multivariate variation in morphology 

(contribution to principal axes)

Variable

TL-running 0.35 *** 0.10 ns

TL-minimum spanning distance 0.15 *** 0.41 **

body length 0.24 *** -0.25 ***

body depth-total 0.10 ns 0.42 ***

body depth-musculature 0.15 ** 0.35 ***

head length 0.33 *** -0.03 ns

head depth 0.34 *** -0.05 ns

jaw length 0.35 *** 0.06 ns

eye diameter-horizontal axis 0.31 *** -0.25 ***

eye diameter-vertical axis 0.33 *** -0.18 **

yolk major axis -0.11 ns 0.40 ***

yolk minor axis -0.31 *** -0.16 *

yolk sac major axis -0.18 ** 0.33 ***

yolk sac minor axis -0.27 *** -0.26 ***

PCA 1 (47%) PCA 2 (33%)

Principal axis



Multivariate Variation in Morphology of FMultivariate Variation in Morphology of F11 LarvaeLarvae
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F1 and F2 Hudson River larvae were  
unaffected by environmentally  

relevant doses of either PCBs or 
TCDD--Miramichi by both chemicals



Hatching Success of Tomcod Embryos when 
Exposed to PCBs at 14 d Post-Fertilization
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Activity of PCB-Exposed F2 Yolk-
Sac Larvae
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Summary of Results

• Early life-stages of TC of MR or SB origin 
are very sensitive to coplanar PCBs or 
TCDD at environmentally relevant 
concentrations at many early life-stage toxic 
endpoints

• Early life-stages of TC of HR origin are 
unaffected by these treatments at any 
endpoint, at any dose tested



Conclusions
• Tomcod from the HR are highly resistant to PCBs

and TCDD
– Population level alteration
– Community effect?

• PCBs, PCDD/Fs,or other contaminants may have
incurred significant evolutionary change in the HR
population



Conclusions

• More than more one molecular pathway may 
mediate AH toxicities in tomcod from the HR
– More than one AHR2

• Atlantic salmon (Hansson et al. 2004)
– AHR-independent



Why are tomcod from the Hudson River 
resistant?

– Hypothesis
• resistance results from altered expression of 

genes in the AHR pathway



AHR pathway targets
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Three Genes in the AHR 
Pathway (AHR, ARNT, AHRR) 

Were Cloned in Tomcod and 
Their Structure and Levels of 
Expression Were Compared 
Between Tomcod from the 

Hudson and Miramichi Rivers



Comparison of AHRR Expression in Tissues of PCB77 (1 ppm) 
and Untreated F1 Juvenile Miramichi Tomcod (n=6-8/tissue)

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

Liver Intestine Heart Kidney Spleen Gills Gonad Brain

Tissues

R
at

io
 o

f A
H

R
R

/A
ct

in
 P

ro
du

ct
s 

Unexposed
PCB77

nd nd

nd= not detectable



Comparison of Hepatic AHR Expression in 
Environmentally-Exposed Adult Tomcod from Three Rivers 

(n=12 fish/river)
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AHRR Expression in Treated and Untreated Early Life 
Stages of Tomcod from the Hudson and Miramichi
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Comparison of Gene Expression

• Differences between the two populations in
expression of any of the components of the
AHR pathway are not large and do not
correlate with presence of resistance
– HR environment- AHR
– HR embryos - AHRR

• However, all analyses were at the mRNA,
rather than protein levels



Develop Tomcod Microarrays to

• Identify novel genes whose expression is 
altered by PCBs exposure

• Identify genes/pathways associated with 
early life-stage cardiovascular dysfunction

• Version 2
– 4,800 anonymous clones from tomcod heart 

cDNA library



9,120 Element Microarray Produced from HR 
Tomcod Heart cDNA Library

*Subarray hybridized with 
control and PCB mix 
exposed MR tomcod heart 
targets (48 h post-injection)



Similarities in Cardiac Gene Expression Profiles 
Between PCB-Exposed Adult F1 MR and HR Fish*
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Similarities in Gene Expression Profiles 
Between PCB-Exposed MR and HR Embryos
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What are these Clones?

• Several genes have been identified:
– Cathepsin L
– Nemo-like Kinase
– Fibrinogen
– 70kDa Heat Shock Protein
– Myosin Light Chain
– Proteasome 26S Subunit
– H+ transporting F1 ATP Synthase epsilon
– Y-Box Binding Protein, Y-B1
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